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Introduction
Subjects with COPD complain of difficulty performing
arm exercise, particularly when the arms are unsupported
and elevated. Unsupported arm exercise capacity has been
shown to be reduced in both COPD subjects and healthy
subjects when compared with leg exercise (Celli et al 1986
and 1988) and supported arm exercise (Criner and Celli
1988, Takahashi et al 1999). Furthermore, COPD subjects
have a reduced unsupported arm exercise capacity
compared with healthy subjects (McKeough et al 2003,
Takahashi et al 1999). 
Reductions in exercise capacity in subjects with COPD
have been attributed to ventilatory constraints (Bye et al
1985, Jones et al 1971), including dynamic hyperinflation
(O’Donnell et al 2001). During unsupported arm exercise,
additional mechanical constraints to ventilation may occur
in subjects with COPD, explaining the lower peak minute
ventilation (V
E
) for unsupported arm exercise compared
with leg exercise (Celli et al 1986 and 1988) and supported
arm exercise (Criner and Celli 1988). Such mechanical
constraints may be due to the unsupported and elevated
position of the arms above the head. To hold the arms in
this position, muscles that have attachments to the thoracic
cage and shoulder girdle are activated. This muscle
activation may decrease the compliance of the thorax
leading to a mechanical constraint which restricts volume. 
One way of examining the effect of arm position on the
mechanics of breathing is by measuring lung volumes with
the arms unsupported and elevated to different positions
compared with the arms not elevated. Previous studies have
compared arms by the side with arms elevated to 90
degrees shoulder flexion and shown no significant change
in total lung capacity (TLC) or functional residual capacity
(FRC) (Alison et al 1998, Criner and Celli 1998, Dolmage
et al 1993). No study has examined the effect of arm
elevation greater than 90 degrees on lung volumes. As a
number of everyday arm tasks involve the arms reaching
higher than shoulder height, this has potentially important
clinical implications.
This study aimed to evaluate the effect of arm positions (ie
below 90 degrees shoulder flexion, at 90 degrees shoulder
flexion and above 90 degrees shoulder flexion) on static
lung volumes in subjects with COPD and healthy subjects.
The hypothesis was that lung volumes with the arms above
90 degrees shoulder flexion would be altered compared
with when the arms were below 90 degrees shoulder
flexion, specifically that the inspiratory capacity (IC) and
TLC would be reduced.
Methods
Subjects Nine subjects, diagnosed with COPD and
attending the pulmonary rehabilitation program at Royal
Prince Alfred Hospital, were invited to participate in this
study. The COPD subjects ranged in age from 49 to 81
years (mean age ± SD = 67.3 ± 10.3 years). No COPD
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subject had undergone a specific program of unsupported
arm training at pulmonary rehabilitation. Nine healthy
subjects from the general community were invited to
participate in this study. The healthy subjects ranged in age
from 40 to 70 years (mean age ± SD = 55.8 ± 8.8 years),
had no past respiratory history, did not use any respiratory
medications and had never smoked. No subject had major
upper limb or thoracic spine pathology. Informed written
consent was obtained from all subjects, and the study was
approved by the Royal Prince Alfred Hospital Ethics
Review Committee.
Respiratory function tests Measurements of spirometry
were performed in a seated position using a mass flow
sensor (a) which was calibrated prior to testing using a 3 L
syringe (b). Lung volumes were determined by body
plethysmography (c) (Dahlqvist and Hedenstierna 1985) in
three different bilateral arm positions. All arm positions
were approximated by observation only and, as the
measurement of lung volumes in the body plethysmograph
required subjects to hold their cheeks flat, in all arm
positions the elbows were flexed. The arm positions
included: arms below 90 degrees shoulder flexion (where
subjects were encouraged to be as close to 0 degrees
shoulder flexion as possible) (Figure 1A), arms at 90
degrees shoulder flexion (Figure 1B) and arms above 90
degrees shoulder flexion (where subjects were encouraged
to reach their maximum attainable shoulder flexion)
(Figure 1C). Maximum attainable shoulder flexion ranged
from approximately 135 degrees shoulder flexion to 170
degrees shoulder flexion in all subjects due to the
requirements of the hands to hold the cheeks. Each arm
position was randomised by the throw of a dice. All arm
positions needed to be maintained for the time it took to
perform four resting breaths, five pants, one maximum
inspiratory manoeuvre, one expiratory manoeuvre and one
further maximum inspiratory manoeuvre (which was
approximately 40-60 seconds). 
For each arm position, the TLC was determined by
summating the best IC with the average FRC from three
acceptable tests. The residual volume (RV) was determined
by subtracting the best vital capacity (VC) from the
calculated TLC value. This is a standard method for
calculating lung volumes (Quanjer et al 1993). Predicted
normal values for spirometry were taken from Morris
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Table 1. Physical and pulmonary function characteristics
in COPD subjects and healthy subjects.
COPD subjects Healthy subjects
(n = 9) (n = 9)
mean ± SD mean ± SD
Age, yr 67.3 ± 10.3* 55.8 ± 8.8
Height, cm 164.0 ± 9.0 169.2 ± 8.2
Weight, kg 64.0 ± 13.2 76.2 ± 13.7
FEV1, L 0.9 ± 0.3 3.4 ± 0.9
% pred 39.7 ± 10.9* 102.9 ± 12.2
FVC, L 2.1 ± 0.6 3.8 ± 0.8
% pred 62.2 ± 11.2* 98.8 ± 10.7
TLC, L 6.3 ± 0.9 5.6 ± 1.1
% pred 122.3 ± 13.4* 98.1 ± 11.0
FRC, L 4.4 ± 0.6 2.9 ± 0.5
% pred 144.6 ± 17.5* 94.4 ± 13.6
RV, L 3.9 ± 0.6 2.0 ± 0.5
% pred 192.7 ± 33.5* 98.9 ± 20.1
* Significant difference between COPD subjects and
healthy subjects (p < 0.05).
Table 2. Mean lung volumes in the three arm positions for
the COPD subjects and healthy subjects.
Arm COPD Healthy
position subjects subjects
shoulder mean ± SD mean ± SD
flexion (litres) (litres)
(degrees)
FRC < 90° 4.43 ± 0.6 2.95 ± 0.5
= 90° 4.45 ± 0.6 3.01 ± 0.6
> 90° 4.60 ± 0.7* # 3.24 ± 0.6* #
IC < 90° 1.83 ± 0.4 2.70 ± 0.6
= 90° 1.73 ± 0.4 2.54 ± 0.6
> 90° 1.59 ± 0.4* # 2.24 ± 0.7* #
TLC < 90° 6.26 ± 0.9 5.65 ± 1.1
= 90° 6.18 ± 0.8 5.50 ± 1.0
> 90° 6.19 ± 0.9 5.48 ± 1.1*
* > 90° significantly different to < 90° (p < 0.05). # > 90°
significantly different to = 90° (p < 0.05)
Figure 1. Lung volumes performed via box
plethysmography with A, arms below 90° shoulder flexion;
B, arms at 90° shoulder flexion; C, arms above 90°
shoulder flexion.
(1976), and normal values for lung volumes were taken
from Goldman and Becklake (1959). 
Data analysis The StatView statistical package was used
(Version 4.57 1992-1996)(d). All lung volume data were
compared between the three different arm positions within
the COPD group and within the control group using a
repeated measures analysis of variance (ANOVA) with
significance set at p < 0.05. A paired comparison and 95%
CIs were used to show whether the mean difference for the
lung volume measures between arm positions was greater
than zero. Based on the difference between IC measures for
the arms above 90 degrees shoulder flexion to arms below
90 degrees shoulder flexion of 0.24 ± 0.2 L in the COPD
subjects in this study (taken retrospectively), a total of nine
subjects was sufficient to detect a significant (at 0.05
significant level) change in IC with a power of 80%.
Results
Mean anthropometric data and lung function results for all
subjects are presented in Table 1. The COPD subjects had
lung function significantly different from that of the
healthy subjects (all p < 0.05).  
The mean results for FRC, IC and TLC for each arm
position in both the COPD subjects and healthy subjects
are presented in Table 2.
In the COPD and healthy subjects there was a significant
change in FRC between the different arm positions (COPD
ANOVA p = 0.022, Control ANOVA p < 0.001). The FRC
was significantly higher with the arms above 90 degrees
shoulder flexion compared with arms below 90 degrees
shoulder flexion and arms at 90 degrees shoulder flexion in
both groups (Figure 2A). There was no difference in FRC
in either group when arms at 90 degrees shoulder flexion
was compared with arms below 90 degrees shoulder
flexion (Figure 2A).
In the COPD subjects and healthy subjects there was a
significant change in IC between the different arm
positions (COPD ANOVA p = 0.003, control ANOVA p <
0.001). The IC was significantly lower with the arms above
90 degrees shoulder flexion compared with the arms below
90 degrees shoulder flexion and arms at 90 degrees
shoulder flexion in both groups (Figure 2B). There was no
difference in IC in either group when arms at 90 degrees
shoulder flexion was compared with arms below 90
degrees shoulder flexion (Figure 2B).
In the COPD subjects there was no significant change in
TLC between the different arm positions (ANOVA 
p = 0.38, Figure 2C). In the healthy subjects there was a
significant change in TLC with the different arm positions
(ANOVA p = 0.011). The TLC was significantly lower with
the arms positioned above 90 degrees shoulder flexion
compared with arms below 90 degrees shoulder flexion
(Figure 2C).
Discussion
This study measured the effect of different arm positions
on lung volumes in subjects with COPD and healthy
subjects. The findings of this study revealed that in both
COPD subjects and healthy subjects, the FRC significantly
increased and the IC significantly decreased when the arms
were positioned above 90 degrees shoulder flexion
compared with arms below 90 degrees shoulder flexion or
arms at 90 degrees shoulder flexion. In the healthy
subjects, TLC was significantly decreased with the arms
above 90 degrees shoulder flexion compared with arms
below 90 degrees shoulder flexion. However, there was no
difference in TLC, IC or FRC when arms positioned at 90
degrees shoulder flexion was compared with arms below
90 degrees shoulder flexion. 
Previous studies examining FRC in subjects with chronic
lung disease have only compared arms by the side with
arms elevated to 90 degrees (Alison et al 1998, Criner and
Celli 1988, Martinez et al 1991) or clasped on the head
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Figure 2. The mean change (with 95% CI) in lung volumes for COPD and healthy subjects when comparing arms above
90° shoulder flexion (> 90°) with arms below 90° shoulder flexion (< 90°) (black circles), arms above 90° shoulder flexion to
arms at 90° shoulder flexion (= 90°) (white circles), and arms at 90° shoulder flexion to arms below 90° shoulder flexion
(grey circles). A, FRC; B, IC; C, TLC.
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(Dolmage et al 1993). These studies either showed no
significant change in FRC (Alison et al 1998, Criner and
Celli 1988, Dolmage et al 1993), as was the case in the
present study, or showed only a 2% increase in FRC
(Martinez et al 1991). However, our study did find a
significant increase in FRC in all subjects when the arms
were positioned above 90 degrees shoulder flexion
compared with arms at or below 90 degrees shoulder
flexion, indicating that arm positioning above the head
places the chest wall in an inflated position. It has been
suggested that when the arms are elevated, the rib cage is
expanded by the passive stretch of muscles such as
pectoralis major and minor, and by active contraction of
other muscles such as serratus anterior (Dolmage et al
1993).  
The IC was significantly reduced with the arms above 90
degrees shoulder flexion compared with arms at or below
90 degrees shoulder flexion in both healthy subjects and
subjects with COPD. Dolmage et al (1993) also showed a
significant reduction in IC in subjects with COPD when
arms clasped on the head was compared with arms by the
side. The reduction in IC in healthy subjects and COPD
subjects with the arms above 90 degrees shoulder flexion
was largely due to the chest wall already being in an
inspiratory position (ie increased FRC) so that relatively
less chest wall expansion occurred compared with when
the arms were in less elevated positions. In addition, further
reduction in IC with the arms above 90 degrees shoulder
flexion may have been due to stretch on the latissimus dorsi
muscle in this position causing it to act like a tight band
around the rib cage restricting complete expansion. Petta et
al (1998) have also suggested that tightness within the
trunk musculature, such as latissimus dorsi, may restrict
chest wall expansion. 
For the determination of lung volumes, TLC is calculated
by summating IC and FRC. Despite the increase in FRC in
the healthy subjects with the arms above 90 degrees
shoulder flexion compared with arms at or below 90
degrees, there was a reduction in IC such that TLC was
significantly reduced. In the COPD subjects, the
magnitude of increase in FRC was offset by the decrease in
IC, so that TLC remained constant.    
As highlighted in this study, the influence that arm position
alone has on lung volumes, and consequently on the
mechanics of breathing, has implications for COPD
subjects performing unsupported arm activity above the
head. Unsupported arm exercise capacity has been shown
to be reduced in subjects with COPD when compared with
leg exercise capacity (Celli et al 1986, McKeough et al
2003) and supported arm exercise capacity (Criner and
Celli 1988, McKeough et al 2003, Takahashi et al 1999).
Furthermore, a lower peak V
E 
was reached for the
unsupported arm exercise compared with the other forms
of exercise (Celli et al 1986, Criner and Celli 1988,
McKeough et al 2003, Takahashi et al 1999). This lower
peak V
E
may have been due to the lower work capacity
performed for the unsupported arm exercise. However, the
results of this study suggest that the lower peak V
E
may also
be attributed to factors related to the impact of positioning
the arms elevated above the head. The increased FRC and
the reduction in IC with the arms above 90 degrees
shoulder flexion may limit increases in tidal volume, thus
constraining peak V
E
. In addition to these factors, as the
ventilatory demands of arm exercise increase, COPD
subjects respond by dynamically hyperinflating (Martinez
et al 1991, McKeough et al 2003). Breathing at higher lung
volume may further restrict the ability to progressively
increase tidal volume (O’Donnell et al 2001), thus
contributing to ventilatory constraint. 
The results of this study indicated that there was no change
to lung volumes when comparing 90 degrees shoulder
flexion with arms below 90 degrees shoulder flexion in the
COPD subjects. Hence subjects would experience less
mechanical and volume constraints performing tasks where
the arms are not elevated beyond 90 degrees shoulder
flexion. Modification of arm tasks to take this into
consideration may make performance of such tasks
possible. For those tasks where work above 90 degrees
shoulder flexion does need to be performed, it is possible
that incorporating stretches of the thoracic cage plus
unsupported arm training in pulmonary rehabilitation
programs may reduce the difficulty in performing tasks
above 90 degrees shoulder flexion. However, this remains
to be investigated.
One limitation of this study was the difficulty associated
with standardising the arm positions within the
plethysmography box. An exact degree of shoulder flexion
was not set due to the constraints associated with subjects
having to keep their hands on their cheeks. Instead, the arm
positions were defined to be at 90 degrees shoulder flexion
and above or below this position. For the position of arms
below 90 degrees shoulder flexion, subjects were
encouraged to have their arms as close as possible to 0
degrees shoulder flexion. For the position of arms above 90
degrees shoulder flexion, subjects were encouraged to have
their arms at the greatest degree of shoulder flexion
possible. We believe this was sufficient to analyse the
impact of having the arms in different elevated positions on
lung volumes. 
Another limitation to this study was the difference in age
between the healthy subjects and COPD subjects. Although
attempts to age-match both groups were made, there was
difficulty recruiting healthy subjects in this age bracket
who had never smoked. Thus a few younger subjects were
recruited, which lowered the mean age of the healthy
group. However, this has not affected our statistical
analysis, as the change in lung volumes with arm position
was only compared within the COPD group or within the
healthy group. 
Conclusions
Our results indicated that lung volumes were altered in
COPD subjects and healthy subjects when comparing the
arms positioned above 90 degrees shoulder flexion with
arms at or below 90 degrees shoulder flexion. In the COPD
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subjects, breathing at a higher lung volume, and having a
reduced capacity to take in a deep breath when the arms
were above the head, may influence the ability to perform
everyday arm tasks that require elevation of the arms above
the head. Modification of arm tasks so that arms are only
elevated to 90 degrees may assist in making arm work more
achievable for subjects with COPD. 
Footnotes (a)Sensormedics Vmax 20 Pulmonary
Spirometry Instrument (Sensormedics Corporation,
California, USA). (b)Three litre syringe (Sensormedics
Corporation, California, USA). (c)Sensormedics V6200
Autobox Body Plethysmograph (Sensormedics
Corporation, California, USA). (d) Abacus Concepts Inc.,
California, USA.
Acknowledgments The authors thank Lissa Spencer for
her assistance in the recruitment of COPD subjects and Wei
Xuan for assistance with the statistical analysis. This
research was financially supported by Community Health
and Tuberculosis Australia. 
Correspondence Zoe McKeough, Department of
Respiratory Medicine, Royal Prince Alfred Hospital,
Missenden Rd, Camperdown New South Wales 2050. 
E-mail: zoebw@mail.med.usyd.edu.au.
References
Alison JA, Regnis JA, Donnelly PM, Adams RD, Sullivan CE
and Bye PTP (1998): End-expiratory lung volume during
arm and leg exercise in normal subjects and patients with
cystic fibrosis. American Journal of Respiratory and
Critical Care Medicine 158: 1450-1458.
Bye PTP, Esau SA, Levy RD, Shiner RJ, Martin J, Macklem
PT and Pardy RL (1985): Ventilatory muscle function
during exercise in air and oxygen in COPD. American
Review of Respiratory Disease 132: 236-240.
Celli BR, Criner G and Rassulo J (1988): Ventilatory muscle
recruitment during unsupported arm exercise in normal
subjects. Journal of Applied Physiology 64: 1936-1941.
Celli BR, Rassulo J and Make BJ (1986): Dyssynchronous
breathing during arm but not leg exercise in patients with
chronic airflow obstruction. New England Journal of
Medicine 314: 1485-1490.
Criner GS and Celli BR (1988): Effect of unsupported arm
exercise on ventilatory muscle recruitment in patients with
severe chronic airflow obstruction. American Review of
Respiratory Disease 138: 856-861.
Dahlqvist M and Hedenstierna G (1985): Lung volumes
measured by helium dilution and by body
plethysmography with mouth and oesophageal
pressures: a comparative study in patients with lung
disease. Clinical Physiology 5: 179-187.
Dolmage TE, Maestro L, Avendano MA and Goldstein RS
(1993): The ventilatory response to arm elevation of
patients with chronic obstructive pulmonary disease.
Chest 104: 1097-1100.
Goldman HI and Becklake MR (1959): Respiratory function
tests - normal values at median altitudes and the
prediction of normal results. American Review of
Tuberculosis 79: 457-467.
Jones NL, Jones G and Edwards RHT (1971): Exercise
tolerance in chronic airway obstruction. American Review
of Respiratory Disease 103: 477-491.
Martinez FJ, Couser JI and Celli BR (1991): Respiratory
response to arm elevation in patients with chronic airflow
obstruction. American Review of Respiratory Disease
143: 476-480.
McKeough Z, Alison J, and Bye P (2003): Arm exercise
capacity and dyspnea ratings in subjects with Chronic
Obstructive Pulmonary Disease. Journal of
Cardiopulmonary Rehabilitation (in press).
Morris JF (1976): Spirometry in the evaluation of pulmonary
function. Western Journal of Medicine 125: 110-118.
O’Donnell DE, Revill SM and Webb KA (2001): Dynamic
hyperinflation and exercise intolerance in chronic
obstructive pulmonary disease. American Journal of
Respiratory and Critical Care Medicine 164: 770-777.
Petta A, Jenkins S and Allison G (1998): Ventilatory and
cardiovascular responses to unsupported low-intensity
upper limb exercise in normal subjects. Australian Journal
of Physiotherapy 44: 123-129.
Takahashi T, Jenkins SC, Watson CP, Strauss GR and Lake
FR (1999): Comparison of cardiopulmonary responses
between supported and unsupported upper limb exercise
in normal subjects and in patients with chronic airflow
limitation. American Journal of Respiratory and Critical
Care Medicine 159: A415.
Australian Journal of Physiotherapy 2003  Vol. 49 137
McKeough et al: Arm positioning alters lung volumes in subjects with COPD and healthy subjects
